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Abstract 
A method for the detection of heavy metal ions in 
the uterine secretion of the mouse was tested. Mice 
received an intravenous injection of lead, and beads of 
an analytical grade resin, Chelex 100, were deposited in 
the uterine lumen to absorb heavy metals present in the 
secretion. X-ray microanalysis of the flushed beads 
showed that lead was present in a dose-related way in 
the uterine secretion of mice that had received 0.05, 0.1, 
or 0.15 mg lead per g body weight. Thus, the technique 
allows quantitative analysis of lead in the uterine 
secretion. The amount of lead present in the secretion 
decreased with time after the application of lead. 
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Heavy metals are taken up by the body and distrib-
uted among tissues and organs, sometimes with function-
al disorders as a result. As an example, lead is known 
to induce reproductive dysfunctions. Inorganic lead, one 
of the most common environmental pollutants, given to 
mice in early pregnancy markedly impairs implantation 
and causes structural changes in the uterine epithelium 
(Nilsson et al., 199la,b; Surani and Fishel, 1981). In 
in vitro experiments, the outgrowth of trophoblast cells 
was inhibited by the addition of lead to the culture medi-
um in concentrations similar to those found in uterine 
tissue during the preimplantation stage (Wide, 1978). 
Proton-induced X-ray emission (PIXE) analysis showed 
the presence of lead in blastocysts implanting in vivo in 
mice given lead (Nilsson et al., 1991a). Hence, it is 
likely that lead can be transported from the blood into 
the uterine secretion. 
However, little is known about the mechanisms by 
which the lead is transported into the uterine secretion. 
Previous studies have shown that it is difficult to obtain 
representative samples of the uterine secretion in the 
mouse without risk of contamination by blood or tissue 
fluids. The microbead technique reported by Nilsson 
and Ljung (1979, 1985) appears to make it possible to 
obtain uncontaminated microsamples of mouse uterine 
secretion. In the present study, this method was extend-
ed to quantitatively measure heavy metal ions in the 
uterine secretion. Beads of Chelex 100, a metal chelat-
ing agent, were used to absorb the uterine secretion. 
X-ray microanalysis was used to measure the metal con-
centration in the recovered beads. 
Materials and Methods 
Ion carriers 
Chelex 100 (Bio--Rad Laboratories, Richmond, CA, 
USA) and Sephadex 150 (Pharmacia Fine Chemicals, 
Uppsala, Sweden) were used as absorbers of the metal 
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ions. The size of both bead types is about 100-200 µm. 
Before use, the beads were standardized by pretreatment 
in sterile distilled water for 50-60 minutes. 
In vitro experiments 
Comparison of the sensitivity of Chelex 100 and 
Sephadex G 150 beads. Pretreated Chelex 100 and 
Sephadex G 150 beads were soaked in 0.1 mg/ml lead 
nitrate for 60 minutes and rinsed 20 minutes in distilled 
water. Then, 15-20 beads were picked up with a micro-
pipette and mounted on a nylon grid (Agar Aids, 
Stansted, UK). Five to ten beads per grid were mounted 
on each grids, and the beads were allowed to dry over-
night at room temperature. 
Selectivity of Chelex 100 for different metals. 
Pretreated Chelex 100 beads were soaked in 0.1 mg/ml 
Pb(NO 3h, CdC12, and Ali(SO 4)J.18H 2Ofor 60 minutes. 
After rinsing, the beads were prepared for X-ray micro-
analysis as described above. 
Absorption of lead to Chelex 100. To investigate 
to capacity of Chelex 100 to bind lead, graded solutions 
of lead nitrate were prepared in concentrations of 0.05, 
0.01, 0.005, 0.001, 0.0005 and 0.0001 mg/ml. Chelex 
beads were treated in 4 ml of these solutions for 60 min-
utes and prepared for X-ray microanalysis as described 
above. In some cases, the beads were incubated for 24 
hours instead of 60 minutes. 
In vivo experiments 
Animals. Naval Medical Research Institute(NMRI) 
mice (age 8 weeks, weight 26-27 g) at early pregnancy 
were used. The day on which a vaginal plug was found 
was considered as day 2 of pregnancy. The animals 
were divided into 4 groups with 8 animals in each. On 
day 2 of pregnancy, three groups received an intrave-
nous injection with 0.05, 0.1 or 0.15 mg of lead nitrate, 
respectively, per g of body weight. The lead nitrate was 
dissolved in an 0. 9 % NaCl solution. The fourth group 
served as control group and was given an intravenous in-
jection of 0. 9 % NaCl (0.01 ml per g bodyweight). On 
day 2 of pregnancy, the animals were taken for the 
experiments. 
Experimental procedures. Animals were anesthe-
tized with 2.5% Avertin in saline (0.02 ml/g body 
weight, intraperitoneally). Pretreated Chelex 100 beads 
were then carefully deposited in the uterine lumen by the 
intracervical route with a flame-polished micropipette 
(25 µl, Drummond Scientific Company, USA). After 1-
6 hours, the animals were anestethized again with Aver-
tin and perfused with 5-8 ml warm saline through the 
descending aorta to remove blood from the uterus. The 
animals were then sacrificed by cervical dislocation. 
The uterine horns were taken out and flushed with vola-
tile silicon oil (DC 200, 1 centistoke, Dow Coming 
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Pb I 1 / 0.1 
Pb I 1 / 0.5 
Cd/ 1 / 0.1 
Cd/ 1 / 0.5 
Al/ 1 / 0.1 
Al/ 1 / 0.5 
Pb I 24 I 0.1 
Pb I 24 / 0.5 
Sephadex Gl50 
Pb I 1 / 0.1 
Pb/ 1 / 0.5 
concentration 
in bead (mean ± SE) 
5.14 ± 0.27 
5.45 ± 0.17 
2.89 ± 0.24 
4.05 ± 0.15 
1.65 ± 0.08 
4.06 ± 0.15 
5.49 ± 0.13 
5.66 ± 0.10 
0.01 ± 0.01 
0.02 ± 0.01 
Data given in weight % , mean and standard error (SE) 
of 20 measurements. The "experiment" column gives 
the element measured (el/inc), the incubation time (in 
hours) and the concentration (in mg/ml). 
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Corporation, Brussels, Belgium). The beads were col-
lected under a light microscope and placed on nylon 
grids. The silicon oil was allowed to evaporate at room 
temperature. 
Electron probe X-ray microanalysis 
The grids supporting the Chelex 100 beads were 
mounted on carbon specimen holders (Agar Aids, 
Stansted, UK). The beads were observed in a Philips 
525 scanning electron microscope. X-ray microanalysis 
was carried out at an accelerating voltage of 20 kV with 
a LINK AN 10000 energy-dispersive X-ray microanaly-
sis system. The beads were analyzed for 100 seconds 
(live time). The M-line of lead was used for analysis. 
Quantitative analysis was carried out using the LINK 
ZAF PB program. The results are expressed in weight 
per cent of the element in the (analyzed volume within 
the) bead. 
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Figure 1. Relationship between lead nitrate concen-
tration in the incubation medium and in the Chelex 100 
beads. Data in weight per cent at analysis. Mean and 
standard error of 20-24 measurements. 
Statistical analysis 
Student's t-test and analysis of variance (ANOV A) 
were applied to determine the significance of differences 
between groups. 
Results 
In vitro experiments 
A comparison was made of the affinity of Chelex 
100 and Sephadex G 150 beads. In comparison to 
Sephadex G 150 beads, the Chelex 100 beads bound sig-
nificantly (p < 0.001) more lead (Table 1). Table 1 
also shows the results of an experiment to determine the 
relative affinity of Chelex 100 for Pb, Cd, and Al. 
Chelex 100 binds lead most strongly, followed by cad-
mium and aluminum. The difference between lead on 
one hand, and cadmium or aluminum, on the other 
hand, is highly significant at both concentrations (p < 
0.001). The difference between cadmium and aluminum 
is significant at the lower concentration (p < 0.001) but 
not at the higher concentration. There is no significant 
difference between the amount of lead absorbed in 1 
hour and in 24 hours (Table 1). It was also investigated 
whether there was a relationship between the concentra-
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Figure 2. Relationship between the concentration of 
lead nitrate injected and the lead concentration measured 
in the beads incubated in the uterine secretion; beads left 
for 6 hours in the uterus. Data in weight per cent. 
Mean and standard error of 22-36 measurements per 
concentration. 
weight% 
Figure 3. Lead concentration measured in the Chelex 
beads as a function of time (in hours) after injection of 
0.1 g per kg of body weight. Data in weight per cent. 
Mean and standard error of 19-38 measurements per 
time point. 
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lead concentration in the beads. The concentrations 
measured by X-ray microanalysis in the beads increased 
with the concentration of lead nitrate in the solution 
(Fig. 1). The curve shows saturation characteristics. 
In vivo experiments 
X-ray microanalysis of beads deposited in the uter-
ine lumen of mice exposed to different concentrations of 
lead for 6 hours was carried out. The lead concentra-
tions measured in the beads increased with increasing 
exposure of the mice to lead (Fig. 2). The concentration 
of lead in the beads is time-dependent and reaches a 
maximum at 2 hours (Fig. 3). In all cases, the differ-
ences between a particular point in time and the preced-
ing point in time were significant. 
Discussion 
The harmful effect of lead to embryos in situ results 
from the transfer of lead from the maternal to the fetal 
circulation (Kelman and Walter, 1980). During the peri-
implantation stages, however, the secretions from the 
oviduct and the uterus play a critical role (Wide, 1978), 
since the embryos float freely in these secretions. Thus, 
it is relevant to investigate the presence of heavy metals 
in the secretion. 
Chelex 100, which selectively binds metal ions with 
high bond strength in ion exchange chromatography, was 
used in the present study as an effective secretion car-
rier. The metal-binding properties of Chelex 100 have 
allowed its use as standard for quantitative X-ray micro-
analysis of these metals (De Bruijn, 1981). Chelex 100 
has much stronger affinity to lead than Sephadex G 150. 
It also has a different selectivity for different divalent 
cations. The order of affinity measured by X-ray micro-
analysis is Pb > Cd > Al at neutral pH. This is quali-
tatively in accord with the selectivity data supplied by 
the manufacturer. The relatively high affinity of lead 
confirms the findings of De Bruijn (1981). 
Lead was detected in the uterine secretion of mice 
when lead was administered intravenously in a dose of 
0.05 mg/g body weight. The amount of lead in the uter-
ine secretion increased with increasing doses given to the 
animals. Although the dose-effect curve is probably not 
linear, adequate information about relative exposure to 
lead can be obtained. It is puzzling that in the control 
group, repeated experiments showed a lead concentration 
of 0.07%, whereas, when beads were incubated in a 
lead-free solution in vitro (other than uterine secretion), 
no lead was detected in the beads. It could be that this 
low level of lead measured in the control animals is due 
to endogenous lead, but a more likely explanation is that 
because of the relatively high concentration of sulfur in 
the uterine fluid (Jin and Roomans, submitted for publi-
722 
cation) there is some interference of the S Ka peak with 
the Pb M peak. The data also show that the concentra-
tion of l~d is highest after 2 hour incubation and that 
lead disappears from the bead with longer presence of 
the beads in the uterine secretion. This indicates that the 
lead administered to the animals is relatively rapidly ex-
creted into the uterine fluid. 
In any case, the technique offers a possibility to 
trace the transport of heavy metals into the uterine secre-
tion using electron probe X-ray microanalysis without 
causing damage to the uterine epithelium and the con-
nective tissue. However, because of the low metal con-
centrations involved, it would be advantageous to com-
bine the bead method with a more sensitive detection 
technique, such as laser micro-beam mass analysis 
(Vandeputte et al., 1990), and nuclear mi crop robe or 
PIXE analysis (Lindh, 1988; Lindh et al., 1984; Nilsson 
et al., 1991a). PIXE studies are currently being carried 
out and preliminary results show that the Chelex beads 
can be used for PIXE analysis as well. 
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Discussion with Reviewers 
D.C. Sigee: Do the authors have any information on 
the depth of absorption of Pb ions in the bead matrix? 
Authors: We have embedded and sectioned Pb-loaded 
beads and found that the penetration depth clearly ex-
ceeds the estimated analyzed volume (about 15 µm). 
Also, the fact that prolonging the incubation time from 
1 hour to 24 hours does not result in significantly in-
creased lead levels, indicates that absorption is sufficient 
under the experimental conditions used. 
D.C. Sigee: Did the authors try varying the accelerating 
voltage of the microprobe to determine the most suitable 
level in terms of optimal element detectability? 
Authors: The lead signal, as a function of the acceler-
ating voltage is shown in Figure 4. The optimal acceler-
ating voltage appears to be in the range of 20-25 kV. 
D.C. Sigee: The authors carried out their in vitro tests 
using aqueous solutions of various cations. Did the au-
thors examine the more complex interactions that will 
occur in vivo, including competition between cations and 
the effect of the organic substances on Pb absorption? 
Authors: With regard to inorganic cations, it should be 
remembered that the Chelex beads are loaded with sodi-
um, which is the most important cation in the extracellu-
lar fluid. Given the known high affinity of Chelex for 
lead as compared to the other cations in the extracellular 
fluid, this should not affect the experiments in this 
paper. Chelex has no affinity for anions, but competi-
tion of Chelex and other anions in the secretion for lead 
ions cannot be excluded. This problem is, however, dif-
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Figure 4. Relationship between the intensity of the lead 
signal (arbitrary units) and the accelerating voltage. 
Mean and standard error of 15 measurements. 
